By means of the immunoelectron microscopical decoration test and the immunogold technique three different binding sites for monoclonal antibodies (MAbs) were identified on the surface of particles of beet necrotic yellow vein virus. One group of MAbs reacted with antigenic determinants along the entire length of the particles, whereas a second and a third group of MAbs reacted with determinants on the opposite extremities of the particles.
In a previous paper Torrance et al. (1988) reported on the production of four rat monoclonal antibodies (MAbs; MAFF 6, 7, 8 and 9) to beet necrotic yellow vein virus (BNYVV). In an indirect ELISA on plates which had been precoated with polyclonal antibodies, all four MAbs readily detected the virus in sap from infected Chenopodium quinoa. In the immunoelectron microscopical decoration test BNYVV particles were coated with a dense layer of MAb MAFF 6, but surprisingly MAFF 9 was apparently not bound to the particles.
We have now extended these studies and found that MAb MAFF 7 resembles MAFF 6 in coating the surface of the particles (Fig. l a) , whereas MAFF 8 and 10 (recently cloned from cells derived from the same fusion as MAFF 8 and 9; L. Torrance & C. Buxton, unpublished) behaved like MAFF 9 (Fig. l b) in not forming an antibody coat around the particles. The binding of MAFF 6 and 7 along the entire length of the particles was also clearly seen when gold-labelled goat anti-rat globulin antibodies were used as second antibodies (Fig. 1 c) . The procedure was essentially that described by Louro & Lesemann (1984) with five drops of 1% aqueous uranyl acetate. Virus particles adsorbed to Pioloform--carbon films on grids were incubated with eight different MAbs, either alone or in combinations and the binding sites were visualized by means of gold-labelled mouse or rat globulin-specific antibodies from goats (Table 1) . Using this immunogold technique we also found that MAFF 8, 9 and 10 were bound to the particles, but not along the entire length, only at one of the two extremities of the particles ( Fig. 1 d for MAFF 9; Table 1 for MAFF 8 and 10). The percentage of particles that bound these antibodies at one of their extremities varied somewhat with different C. quinoa virus preparations. Usually around 60 to 70% of the particles were labelled (Table 1) , but in some preparations it was as many as 90%, although none of the particles were labelled at both extremities. Similarly with mixtures of MAFF 8, 9 or 10 only one extremity of each particle was labelled ( Table  1 ), indicating that these three antibodies were apparently specific for determinants at the same extremity.
In further studies we investigated the behaviour of four mouse MAbs to BNYVV, which had been prepared by Boonekamp et al. (1988) . Two of these MAbs (3H12 and 4F11) gave strong coating reactions and a third one (17G2) gave a weak coating reaction along the entire length of the virus particle. A fourth MAb (6D8) was bound only at one of the extremities of the particle (Table  1) , but when this MAb was used in mixtures with either MAFF 8, 9 or 10 a considerable number of particles showed gold labelling at both extremities (Fig. I e, Table  1 ). This suggests that the antigenic determinants recognized by MAb 6D8 and those which are recognized 0000-9246 © 1990 SGM Short communication by M A F F 8, 9 or 10 are located at the opposite extremities of the virus particles. Attempts to demonstrate the binding of MAb 6D8 from mouse and of MAbs M A F F 8, 9 and 10 from rat on the opposite extremities of the particles by means of anti-mouse and anti-rat globulin-specific antibodies, which were labelled with gold colloids of different sizes, failed due to the strong cross-reactivity of the two gold-labelled antibodies.
Binding of MAbs either along the entire length or to only one extremity of virus particles has also been reported for tobacco mosaic virus (TMV) by Dore et al. (1988) . Experiments with mixtures of the three MAbs that reacted with determinants at one extremity of the T M V particles indicated that they were all specific for the same extremity. Apparently for BNYVV both extremities are highly immunogenic. Dore et al. (1988) found that those MAbs which were bound along the entire length of T M V particles reacted only with intact virions in ELISA, whereas the MAbs that were bound at one extremity reacted in ELISA with T M V protein as well as with intact virions. Torrance et al. (1988) found that MAbs M A F F 6 and 7 reacted much better with depolymerized BNYVV capsid protein on Western blots than did M A F F 8 and 9. This suggests that the antigenic determinants on the extremity of the BNYVV particles, for which M A F F 8 and 9 are specific, are much more sensitive to SDS treatment and depolymerization of the capsid protein than the determinants * The given percentages are based on observations with at least 100 virus particles.
i" Virus particles were loosely decorated along their lengths and the labelling was weak and irregular.
along the entire length of the particles for which MAFF 6 and 7 are specific. Sensitivity to capsid depolymerization may also explain why only 56 to 90~ (and not all) of the ends of the particles were labelled in the immunogold experiments.
